Abstract
Introduction
Cognitive relay network (CRN) combines both parts: (1) The cognitive radio network which is an effective way to improve the spectrum utilization; (2) The relay network which is a powerful technology that combats signal fading due to multipath propagation in a wireless medium. The concept of cognitive radio (CR) is first proposed by Dr. Mitola in 1999 [1] .CRN is a popular method in improving the performance of the secondary users (SUs) and guaranteeing the QoS of the primary users (PUs).Now most of the research works is based on the known ideal channel state information (CSI) which is hard to obtain in practice, however, nonideal CSI will affect the performance of the network seriously [2] .So more and more scholars are interested in the robust beamforming algorithms in the non-cognitive or cognitive relay network and have published many papers about this topic [3] [4] .
In this paper, we focus on the performance of the robust cooperative beamforming in the cognitive relay network and minimize the total transmit power of the relay, while emphasize the interference at the primary receiver.
System Model
We study a cognitive network (CN) [1] which includes two parts as Figure 1 : primary network (PN) with the primary transmitter (PT) and the primary destination (PD), and secondary network (SN) with the secondary transmitter (ST), N relays
 and the secondary destination (SD). All nodes in network have been configured with one antenna. We assume that there is no direct link between the sources and the destinations, the help of relays is necessary to establish the communication link. Here we use AF protocol. The dotted lines in Figure 1 represent the interference channels between different transmitters to PD and ST transmits message x to SR. Then the received signal at i th relay is given as follows:
where, Where, i w Î £ is the complex beamforming weight. Then the received signals at PD and SD can be written as:
where,
represent the complex Gaussian noise at PD and SD.
Substituting (1) into (3) and (4) we can reorganize them as shown in (5) and (6) ST PD SD SRN i n t e rfe re n c e n o is e = ( ) 1 4 4 4 4 4 4 2 4 4 4 4 4 4 3 (6) During the BC, the received signal of PD is 2 s , not 1 s , so 1 s of (6) is interference. The paper minimizes the total transmit power of the relay, while emphasizes the interference at the primary receiver.
Robust Distributed Beamforming
The total transmitted power of relays is:
The disturbed power of PD is:
S , P N are the received signal power and the noise power of SD respectively, so we 
The SNR of SD is defined as
In the section, our aim is to obtain the optimal robust beamforming weight coefficient and minimum transmission power of the relays. But we must ensure the GoS of the primary network users, which is that the interference is less than the threshold  given in advance for primary network users, moreover, we must ensure that the SNR of the secondary network users are larger than some threshold  . So the optimal model can write as following:
. 
can't be obtained, CSI error model may be expressed as:
where, 
Because of ( [7] , so the first constraint of optimization (11) can be rewritten as:
And (14) is equivalent to (15)
The second constraint of (11) can rewritten as
.
e e e e (16) And (16) is equivalent to (17) ,which make the problem unsolvable. To proceed, we will introduce a theorem S-procedure as follow.
Lemma 1 Let P and Q are both symmetric matrix, there is a vector 0 u which
". [8] [9] We will turn infinite constraints into finite constraints by Lemma 1.
Then, the first constraint of(18)can translate to
the second constraint of (18) can translate to:
the third constraint of (18) can translate to 11 0 0 0
the forth constraint of (18) can translate to
We apply S-procedure to(14)and(16),(15)and(17), then we can obtain the following form:
Simulation results
In this section, these simulations are based on independent Rayleigh flat-fading channels. The noise of is 1,
. Fig 2 depicts that the total transmitter power of relays become large significantly with the increase of SNRs of secondary network when the interference temperature is -2dB or 2dB, and we obtain the same conclusion in the case of simulating some other interference temperature. Simultaneously, we also find that the total transmit power of relays increase obviously when the SNR of the cognitive users are larger requested. So we need a trade-off in practice. In Fig3, we can see that the total transmitter power of relays decreases significantly with the increase of the relay number. Moreover, we assert that we can decrease the total transmit power of relays when increasing the number of relay. When the number of relays is larger than 25, the total transmit power decrease no obviously. In practice, we should choose the number of the relay properly in considering the cost of relays. 
5．Conclusions
In this paper, we proposed the robust relay beamforming for CRN using semi-definite programming method. The Cognitive radio system have a primary network (PN) with the primary transmitter (PT) and the primary destination (PD), have a secondary network (SN) with the secondary transmitter (ST), N relays and the secondary destination (SD).We design a robust optimal model that minimizes the total power of relays, while emphasize the interference at the primary receiver. We transform the non-convex robust optima problem into a convex one which can be solved efficiently by exploiting S-procedure and relax the rank-one constrain. Simulation results show that the proposed algorithm can solve the minimum problem with robust features efficiently and obtain satisfactory results.
